Hepatocellular carcinoma (HCC) is one of the most fatal cancers with common features of invasion and metastasis. Recent evidence indicate that the long noncoding RNA NORAD is a potential oncogene and is significantly upregulated in several cancers. However, the general biological role and clinical value of NORAD in HCC remains unknown. Here, NORAD expression was measured in 29 paired tumor and paratumor tissues via quantitative real-time polymerase chain reaction (qPCR). The effects of NORAD on HCC cell malignant potential were investigated via NORAD overexpression and knockdown both in vitro and in vivo. The mechanism of competitive endogenous RNAs (ceRNAs) was acquired and identified by bioinformatics analyses and luciferase assays. Moreover, the impact of NORAD level on the transforming growth factor β (TGF-β) pathway was further determined by qPCR. We found that HCC tissues had a high level of NORAD compared with the paratumor tissues, and NORAD upregulation was associated with the shorter overall survival of patients with HCC. Furthermore, NORAD overexpression was demonstrated to promote HCC cell migration and invasion. Mechanically, NORAD might function as a ceRNA to regulate miR-202-5p, which served as a tumor-suppressing microRNA via the TGF-β pathway. We address that NORAD has a tumor-promoting effect in HCC and describes a novel mechanism whereby NORAD regulates the TGF-β pathway as a ceRNA of Homo sapiens (hsa)-miR-202-5p.
be the cellular and molecular biology of HCC (Zucman-Rossi et al., 2015) . Despite the intense efforts, therapeutic progress has not been significantly improved and the benefit of HCC patient is limited. Thus, the further and complete understanding of the mechanism of this disease is still an urgent need.
MicroRNAs (miRNAs) are small noncoding RNAs, which is involved in posttranscriptional RNA regulation (Hammond, 2015) . Mechanistically, miRNAs bind to target transcripts via sequence complementarity to reduce the certain transcripts expression (Afonso-Grunz & Muller, 2015; Hammond, 2015) . Now, miRNA-mediated regulation has been revealed to be one of the most common posttranscriptional regulatory mechanisms in eukaryotes and involved in a variety of cellular processes and diseases, including cancer (Hammond, 2015; Mendell & Olson, 2012; Stroynowska-Czerwinska, Fiszer, & Krzyzosiak, 2014) . In addition, alterations in the miRNA balance can lead to dysfunction of the tumorsuppressor genes and/or oncogenes, which further induces the process of tumor initiation and progression (Wahid, Khan, & Kim, 2014) , including HCC (Mao & Wang, 2015; Morishita & Masaki, 2015) . For example, miR-122 is the most abundant miRNA in normal liver, whereas it is almost totally silenced in HCC, and loss of miR-122 frequently promotes tumorigenesis and tumor progression (Thakral & Ghoshal, 2015) .
However, the potential oncogenic role of miRNA in HCC remains to be fully elucidated (Mizuguchi, Takizawa, Yoshida, & Uchida, 2016) . For example, miR-21 and miR-224 are usually upregulated in HCC compared with healthy liver, but their functions in HCC initiation and/or progression is still poorly understood (Mizuguchi et al., 2016) .
Long noncoding RNAs (lncRNAs) can function as competing endogenous RNAs (ceRNAs) or RNA sponges, thus interacting with miRNAs in a way that can sequester miRNAs and reduce their regulatory effect on target messenger RNAs (mRNAs; Y. Gao et al., 2014; Legnini, Morlando, Mangiavacchi, Fatica, & Bozzoni, 2014) . For example, the lncRNA Unigene56159 acts as a ceRNA of miR-140-5p in HCC cells (Lv et al., 2016) . The lncRNA HOTAIR may act as a ceRNA to force a sink for miR-331-3p, thus resulting in the derepression of erb-b2 receptor tyrosine kinase 2 (HER2) and promoting the proliferation, migration, and invasion of gastric carcinoma cells . NORAD is one of the star lncRNAs because it is highly conserved, abundantly expressed, and important for DNA protection and chromosomal stability (Munschauer et al., 2018) . NORAD is highly expressed in the cytoplasm and significantly upregulated by hypoxia in epithelial cells (Tichon et al., 2016) . The dysregulation of NORAD has been discovered in several malignant diseases (Huo et al., 2018; Kawasaki et al., 2018; H. Li et al., 2017; Q. Li et al., 2018; Zhang et al., 2018) . However, the roles and underlying mechanisms have not been clarified.
In the present study, we demonstrate that NORAD is upregulated and promotes invasion and metastasis of HCC. Moreover, elevated University, Shanghai, China) were used in the study. The Hep3B cells were cultured in minimum Eagle's medium (Gibco, Grand Island, NY) and SMMC-7721, Huh7, and PLC/PRF/5 cells were cultured in Dulbecco's modified Eagle's medium (Gibco, Grand Island, NY) containing 10% fetal bovine serum (Gibco, Grand Island, NY) supplemented with 100 IU/ml penicillin and 100 µg/ml streptomycin. All cell lines were incubated at 37°C in a humidified atmosphere with 5% CO 2 . All other supplies were purchased from Corning (Grand Island, NY).
| Quantitative real-time polymerase chain reaction and western blot analysis
Quantitative real-time polymerase chain reaction (qPCR) and western blot analysis were performed as previously described (Peng et al., 2017) .
Reverse transcription was used to detect miRNA expression, and miRNAs were amplified using stem-loop primers (RiboBio, Guangzhou, China). U6 small nucleolar RNA was used as the endogenous control. All 
| Transfection and clone selection
Lentiviral-mediated pLKO-short hairpin RNA NORAD and GV208-NORAD were from Genebiochem (Shanghai, China). Empty vectors were used as the negative control. The lentiviral vectors were transfected into HCC cells using polybrene according to the manufacturer's instructions. Infected HCC cells were selected against puromycin for 7 days before use in the assays. 
| Patients and follow-up

| Cell viability, colony formation, cell migration, and matrigel invasion assays
The cell migration and colony formation assays were performed as previously described (P.T. Gao et al., 2018; Peng et al., 2017) . The
Cell Counting Kit-8 (YEASON, Shanghai, China) and Matrigel invasion assays (BD Bioscience, Franklin Lakes, NJ) were performed as the manufacturers' instructions.
| Tumor xenograft assay
Previously constructed HCC cells were used to establish subcutaneous xenograft tumor models in nude mice (4-6 weeks old). Tumor growth was monitored weekly, and fresh subcutaneous tumor tissues were cut into 1 × 1 mm pieces and orthotopic implanted in healthy nude mice (4-6 weeks old). Mice were observed carefully and killed after 6 weeks.
| Bioinformatics analysis
The potential miRNA binding sites within NORAD and the messenger RNA binding sites within miR-202-5p were predicted using compu- Then the variety of cell phenotype influenced by NORAD expression was determined, and we found that high level of NORAD induced cell proliferation, enhanced the colony formation, as well as promoted the HCC cell migration and invasion (Figure 2c-f) . In vivo, subcutaneous tumor models were constructed using NORAD knockdown HCC cell line and its control (Figure 2h ). Tumor weights of ctrl group were significantly greater than NORAD knockdown group. Fresh subcutaneous tumor tissues were orthotopic implanted to new nude mice to construct orthotopic tumor models. After 42 days' incubation, 4/5 (80%) mice of in the control group presented with lung metastases under serial section with H&E staining, whereas no mice in the NORAD knockdown group with lung metastases (Figure 2i ). Here, we conclude that the high level of NORAD do serve as a promoter in HCC.
| NORAD activated the TGF-β pathway as a ceRNA of miR-202-5p
To explore the molecular mechanism of NORAD in HCC progression, we used starBase and TargetScan bioinformatics analysis to predict its' target and revealed three putative miRNA response elements of miR-202-5p in NORAD and the 3′ untranslated regions (3′-UTRs) of TGFBR1 and TGFBR2 (Figure 3a) . To confirm whether the TGFBRs and NORAD were target RNAs of miR-202-5p in HCC cells, we conducted luciferase reporter assays after transfecting Huh7 cells containing synthetic miR-202-5p mimic with the wild-type or mutated miR-202-5p target sequences in NORAD and the TGFBR1 and TGFBR2 3′-UTRs. We found that the miR-202-5p mimic reduced luciferase activity in the cells transfected with the wild-type sequences but had no effect on luciferase activity in cells transfected with the mutant sequences (Figure 3b,c) . These data indicate that miR-202-5p may be a target of NORAD, and NORAD might promote HCC progression by the TGF-β pathway.
As mentioned above, NORAD mediated the sequestration of miR-202-5p, and miR-202-5p sponges TGFBRs. To discuss whether NORAD-mediated miR-202-5p sequestration could regulate the TGF-β pathway, we measured the TGFBRs luciferase activity in positive correlation between NORAD and the TGFBRs (Figures 4c,d and 5).
| DISCUSSION
HCC is a fatal disease in which the majority of patients experience recurrence and metastasis (Bray et al., 2018; Tang, 2001; Tang et al., 1999 NORAD is highly conserved and abundant, with expression levels of approximately 500-1,000 copies/cell (Tichon et al., 2016) .
Particularly, NORAD loss of function has been reported to induce chromosomal instability and triggers dramatic aneuploidy in karyotypically stable cell lines. In addition, NORAD has been discovered to directly regulate both ploidy and chromosomal stability by sequestering the PUMILIO proteins, which repress key factors in mitosis, DNA repair, and DNA replication (Munschauer et al., 2018; Tichon et al., 2016) . Moreover, NORAD was revealed to be a cytoplasmic multivalent PUMILIO-binding platform that acted as a negative regulator of PUMILIO activity (Tichon et al., 2016) . Now, NORAD was reported to promote tumor cell growth and proliferation in several types of cancer (Huo et al., 2018; Kawasaki et al., 2018; H. Li et al., 2017; Q. Li et al., 2018) . However, studies on NORAD in HCC are lacking, and existing studies have not been able to shed much light on its mechanism.
Previously, miR-202-5p was found to influence the TGF-β pathway by targeting SMAD2/3 transport in pancreatic cancer, and NORAD inhibited miR-202-5p in colorectal cancer (H. Li et al., 2017; Zhang et al., 2018) . Here, we further reported a novel axis, thus, NORAD could act as a ceRNA to modulate miR-202-5p expression, which also could target the 3′-UTRs of TGFBRs to regulate the TGF-β pathway.
Importantly, we partially validated this axis in clinical sample. Thus, we displayed a definite axis initiated by NORAD, which indicated an oncogenic role of NORAD in HCC.
| CONCLUSION
This study defines a novel mechanism in which the lncRNA NORAD exerts a tumor-promoting effect in HCC through a NORAD/miR-202-5p/TGF-β axis.
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